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(54) PRODUCTION OF HOLOGRAM AND HOLOGRAM EXPOSURE 

(57)Abstract: 

PURPOSE: To provide the process for production of the hologram 
capable of producing the hologram having a desired diffraction 
efficiency distribution and high diffraction efficiency and the 
hologram exposure device to be used for realization of the process 
for production of the hologram relating to the process for 
production of the hologram to produce the hologram and the 
hologram exposure device to be used for exposure of the hologram. 

CONSTITUTION: This process for production of the hologram is so 
constituted as to have a first processing process of subjecting a 
hologram dry plate 2 to at last >2 time of multiple exposure of 
interference fringes having slightly different space frequencies and 
a second processing process of developing the hologram dry plate 
2 exposed in the first processing process. This hologram exposure 
device is so constituted as to have an angle control means 5 for 
controlling the irradiation angle of two laser beams prepd. for 
forming the interference fringes of the hologram. 
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CLAIMS 



[Claim(s)] 

[Claim 1]A hologram manufacturing method characterized by comprising the following for manufacturing a 
hologram with desired diffraction efficiency distribution. 

The 1st processing process that carries out multiple exposure of the interference fringe which has minutely 
different spatial frequency in a hologram dry plate twice [ at least ] or more. 

The 2nd processing process that develops a hologram dry plate exposed by the 1st processing process of 
the above. 

[Claim 2]A hologram manufacturing method processing so that a relative position of an interference fringe 
exposed as it is also at the 1st processing process may be controlled in the hologram manufacturing 
method according to claim 1 using a phase modulation element. 

[Claim 3]By controlling irradiation angles of either of two light flux, or both sides prepared in the hologram 
manufacturing method according to claim 1 or 2 in order to generate an interference fringe as it is also at 
the 1 st processing process. A hologram manufacturing method processing so that multiple exposure of the 
interference fringe with minutely different spatial frequency may be carried out to a hologram dry plate. 
[Claim 4]A hologram manufacturing method processing so that multiple exposure of the interference fringe 
with spatial frequency which is minutely different in the hologram manufacturing method according to claim 
1 or 2 using a laser beam of wavelength which is different in it being also at the 1st processing process 
may be carried out to a hologram dry plate. 

[Claim 5]A hologram manufacturing method processing so that a laser beam of different wavelength may be 
generated and multiple exposure may be performed by controlling a wavelength selection optical resonator 
with which a laser light source is provided in the hologram manufacturing method according to claim 4. 
[Claim 6]A hologram manufacturing method processing by using two or more laser light sources which emit 
light in a laser beam of different wavelength in the hologram manufacturing method according to claim 4 so 
that multiple exposure may be performed. 

[Claim 7]A hologram manufacturing method processing in the hologram manufacturing method according to 
claim 6 so that multiple exposure may be performed simultaneously. 

[Claim 8]A hologram manufacturing method processing in the hologram manufacturing method according to 
claim 1 , 2, 3, 4, 5, 6, or 7 so that a light exposure may be changed for every exposure of multiple exposure 
as it is also at the 1 st processing process. 

[Claim 9]A hologram manufacturing method characterized by processing so that multiple exposure of the 
interference fringe with minutely different spatial frequency may be carried out to a hologram dry plate by 
controlling film plate shape of a hologram dry plate in the hologram manufacturing method according to 
claim 1 as it is also at the 1st processing process. 

[Claim 10]A hologram manufacturing method processing so that film plate shape of a hologram dry plate 
may be controlled by carrying out temperature control of the hologram dry plate in the hologram 
manufacturing method according to claim 9. 

[Claim 11]A hologram manufacturing method processing in the hologram manufacturing method according 
to claim 10 carrying out fixed control of the specific position of a hologram dry plate so that temperature 
control of the hologram dry plate may be carried out. 

[Claim 12]A hologram manufacturing method characterized by processing so that multiple exposure of the 
interference fringe with minutely different spatial frequency may be carried out to a hologram dry plate by 
carrying out the movement controls of the hologram dry plate to it being also at the 1 st processing 
process in the hologram manufacturing method according to claim 1 . 
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[Claim 13]a laser light source (1) This laser light source (1) The 1st optical system (3) that branches to two 
a laser beam which emits light. This 1st optical system (3) It is a hologram dry plate (2) about two branched 
laser beams. The 2nd optical system (4) with which it irradiates In a hologram exposure device which it has, 
The 2nd optical system (4) of the above The 1st optical system (3) of the above An angle control means 
(5) with which branched either of the laser beams or both correspondence is equipped and which controls 
irradiation angles of this laser beam A having hologram exposure device. 

[Claim 14]a laser light source (1) This laser light source (1) The 1st optical system (3) that branches to two 
a laser beam which emits light. This 1st optical system (3) It is a hologram dry plate (2) about two branched 
laser beams. The 2nd optical system (4) with which it irradiates In a hologram exposure device which it has, 
A laser light source (1) A hologram exposure device using two or more laser light sources which carry out 
and emit light in a laser beam of different wavelength. 

[Claim 15]a laser light source (1) This laser light source (1) The 1st optical system (3) that branches to two 
a laser beam which emits light. This 1st optical system (3) It is a hologram dry plate (2) about two branched 
laser beams. The 2nd optical system (4) with which it irradiates In a hologram exposure device which it has, 
A laser light source (1) A hologram exposure device provided with a wavelength control means which 
controls wavelength of a laser beam by controlling a wavelength selection optical resonator which it has. 
[Claim 16]in the hologram exposure device according to claim 13, 14, or 15 — the 2nd optical system (4). 
The 1st optical system (3) A phase modulation means (6) with which branched either of the laser beams or 
both correspondence is equipped and which controls a phase of this laser beam A having hologram 
exposure device. 

[Claim 17]A hologram exposure device having a light exposure control means which controls a light 
exposure of a hologram dry plate in the hologram exposure device according to claim 13, 14, 15, or 16. 
[Claim 18]a laser light source (1) This laser light source (1) The 1st optical system (3) that branches to two 
a laser beam which emits light. This 1st optical system (3) It is a hologram dry plate (2) about two branched 
laser beams. The 2nd optical system (4) with which it irradiates A shape controlling means (7) which 
controls film plate shape of a hologram dry plate in a hologram exposure device which it has A having 
hologram exposure device. 

[Claim 19]In the hologram exposure device according to claim 18, it is a shape controlling means (7). A 
hologram exposure device being constituted by temperature control means which controls temperature of a 
hologram dry plate. 

[Claim 20]A hologram exposure device having a fixed control means which fixes a specific position of a 
hologram dry plate in the hologram exposure device according to claim 1 9. 

[Claim 21]a laser light source (1) This laser light source (1) The 1st optical system (3) that branches to two 
a laser beam which emits light. This 1st optical system (3) It is a hologram dry plate (2) about two branched 
laser beams. The 2nd optical system (4) with which it irradiates A movement control means (8) which 
controls an arranging position of a hologram dry plate in a hologram exposure device which it has A having 
hologram exposure device. 
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http://www4.ipdl.inpit.go,jp/cgi-bin/tran web cgi ejje?atw u=http://www4.ipdl.inpit.go.ip/Tok... 2009/06/04 



JP,07-013474,A [DETAILED DESCRIPTION] 
* NOTICES * 



1/7 1— is 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application]A hologram manufacturing method which enables manufacture of the hologram of 
high diffraction efficiency in which this invention has desired diffraction efficiency distribution especially 
about the hologram manufacturing method which manufactures a hologram, and the hologram exposure 
device used for exposure of a hologram, It is related with the hologram exposure device used for realization 
of the hologram manufacturing method. 

[0002]When the composition which records the interference fringe of two light flux with equal wavelength 
on a photographic plate is taken and regenerated light is given, a hologram makes regenerated light diffract 
according to this interference fringe, and reproduces the original image. 

[0003]The hologram with such the characteristic is widely used for the optical system of the hologram 
scanner of OA equipment, etc. increasingly these days. In order to make application to this applicable field 
practical, it is necessary to enable manufacture of the hologram with desired diffraction efficiency 
distribution of high diffraction efficiency. 
[0004] 

[Description of the Prior Art]When using a hologram for optical systems, such as a laser beam printer, in 
order to lose printing nonuniformity, the hologram used as what has flat diffraction efficiency distribution 
will be required. The laser light source used as a light source for manufacturing a hologram on the other 
hand has the luminescence intensity of Gaussian distribution as shown in drawing 24 . 
[0005]In manufacturing the hologram which becomes what has flat diffraction efficiency distribution in 
future and the former, The light filter with transmissivity distribution opposite to Gaussian distribution as 
shown in drawing 25 was prepared, and the composition of allocating this light filter between a laser light 
source and a hologram dry plate as shown in drawing 26 was taken. 

[0006]That is, in the former, the method of manufacturing a hologram with diffraction efficiency distribution 
of hope by allocating light filters, such as an ND filter which has a transmissivity characteristic which 
realizes diffraction efficiency distributing [ to wish ] of a hologram between a laser light source and a 
hologram dry plate, was taken. 
[0007] 

[Problem(s) to be Solved by the Invention]However, when such conventional technology was followed, 
there was a problem that the hologram of high diffraction efficiency could not be obtained by the 
interference fringe of a noise being recorded on a hologram dry plate by multiplex by generating of noise 
light. 

[0008]Namely, although the light filter inserted between a laser light source and a hologram dry plate takes 
the composition which controls transmissivity according to the application amount of the particles which 
reflect or absorb a laser beam. There was a problem that the diffraction efficiency of a hologram will fall 
because noise light occurs according to the particles of this light filter. 

[0009]This invention was made in view of this situation, and is ****. The purpose is offer of the new 
hologram exposure device used for realization of the new hologram manufacturing method which enables 
manufacture of the hologram with diffraction efficiency distribution of high diffraction efficiency, and its 
hologram manufacturing method. 

[0010] 

[Means for Solving the Problem]Principle composition of a hologram exposure device constituted by 
drawing 1 (a) and (b) by this invention is illustrated. 
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[001 1]Among drawing 1 , that to which a hologram dry plate and 3 are the 1st optical system as for a laser 
light source and 2, and one branches to two a laser beam in which the laser light source 1 emits light, and 4 
are the 2nd optical system, and irradiate the hologram dry plate 2 with two laser beams which branched 
according to the 1 st optical system 3. 

[0012]The 2nd optical system 4 of a hologram exposure device shown in drawing 1 (a) may be provided 
with the angle control means 5 which controls irradiation angles of a laser beam which branched according 
to the 1st optical system 3, and may be further provided with the phase modulation means 6 which 
controls a phase of a laser beam which branched according to the 1st optical system 3 at this time. Here, 
one of laser beam correspondences may be equipped with the phase modulation means 6, and laser beam 
correspondence of both sides may be equipped at least with this angle control means 5/. 
[001 3]A hologram exposure device shown in drawing 1 (a), While taking composition using two or more laser 
light sources which emit light in a laser beam of wavelength which exists when the 2nd optical system 4 
takes composition which is not provided with the angle control means 5, and is different as the laser light 
source 1 or using the single laser light source 1, Composition provided with a wavelength control means 
which controls wavelength of a laser beam by controlling a wavelength selection optical resonator of this 
single laser light source 1 may be taken. When taking these composition, the 2nd optical system 4 may be 
provided with the phase modulation means 6 which controls a phase of a laser beam which branched 
according to the 1st optical system 3. Here, one of laser beam correspondences may be equipped with this 
phase modulation means 6, and laser beam correspondence of both sides may be equipped with it. 
[0014]And a hologram exposure device shown in drawing 1 (a) may be provided with a light exposure 
control means which controls a light exposure of the hologram dry plate 2 by controlling light intensity of a 
laser beam or controlling exposure time further. 

[0015]On the other hand, a hologram exposure device shown in drawing 1 (b) may be provided with the 
shape controlling means 7 which controls minutely film plate shape of the hologram dry plate 2, and a 
temperature control means which controls temperature of the hologram dp' n !ate 2 ma w be used for it as 
this shape controlling means 7. Here, when using this temperature control means, it may have a fixed 
control means which fixes a specific position of the hologram dry plate 2. 

[0016]There is a hologram exposure device shown in drawing 1 (b), when taking composition which is not 
provided with the shape controlling means 7, and it may have the movement control means 8 which 
controls an arranging position of the hologram dry plate 2 minutely. 
[0017] 

[Function]When manufacturing a hologram according to this invention, the interference fringe of spatial 
frequency which exposes the interference fringe of regular spatial frequency to the hologram dry plate 2 
first at the beginning, then is minutely different from this spatial frequency is exposed using the hologram 
exposure device which illustrated principle composition to drawing 1 . At this time, these two light 
exposures may be changed according to a light exposure control means. 

[0018]Namely, when it has the angle control means 5. By changing the irradiation angles of the laser beam 
with which the hologram dry plate 2 is irradiated according to this angle control means 5. Last time, it is 
changing the wavelength of the laser beam with which it irradiates, when taking the composition which 
carries out multiple exposure of the interference fringe of minutely different spatial frequency, and can 
change the wavelength of a laser beam, and multiple exposure of the interference fringe of minutely 
different spatial frequency from last time is carried out. Here, according to the phase modulation means 6, 
the relative position of the interference fringe which carries out multiple exposure may be controlled at this 
time. 

[001 9]When it has the shape controlling means 7, such as a temperature control means, When multiple 
exposure of the interference fringe of minutely different spatial frequency from last time is carried out and 
it has the movement control means 8 by changing the shape of the hologram dry plate 2 minutely according 
to this shape controlling means 7, Multiple exposure of the interference fringe of spatial frequency which is 
minutely different from last time by rotating the hologram dry plate 2 minutely according to this movement 
control means 8 is carried out. When it has the shape controlling means 7 of a temperature control means 
at this time, here, When the relative position of the interference fringe which carries out multiple exposure 
is controlled by fixing the specific position of the hologram dry plate 2 according to a fixed control means 
or it has the movement control means 8, the relative position of the interference fringe which carries out 
multiple exposure may be controlled by setting up the axis of rotation etc. 

[0020]Thus, if multiple exposure of the interference fringe which has minutely different spatial frequency in 
the hologram dry plate 2 is carried out, a hologram will be generated in developing this exposed hologram 
dry plate 2. 
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[0021]Thus, in this invention, since the composition which manufactures the hologram which has desired 
diffraction efficiency distribution in the hologram dry plate 2 using the wave of the interference fringe 
which carries out multiple exposure is taken, it becomes possible to manufacture the hologram of high 
diffraction efficiency, without causing decline in the diffraction efficiency by noise light. 
[0022] 

[Example] Hereafter, according to an example, this invention is explained in detail. One example of the 
hologram exposure device constituted by this invention by drawing 2 is illustrated. 

[0023]The same sign has shown among the figure the same thing as what was explained by drawing 1 . What 
3a is a beam splitter and branches to two the laser beam in which the laser light source 1 emits light, What 
40 is a reflector, and while branched as for the beam splitter 3a, and reflects a laser beam, What 5a is a 
galvanomirror and reflects in arbitrary deflecting angles another [ in which the beam splitter 3a branched ] 
laser beam, That which extends the laser beam which the reflector 40 reflects and with which 41 is a lens, 
and the hologram dry plate 2 is irradiated, 42 is a lens, and that which extends the laser beam which the 
galvanomirror 5a reflects and with which the hologram dry plate 2 is irradiated, and 6a are phase 
modulation elements which consist of a POKKERUSU crystal, and change electrically the phase of the 
laser beam which enters into the galvanomirror 5a. 

[0024]To drawing 3 , the detailed equipment configuration of the galvanomirror 5a is illustrated. As shown in 
this drawing 3 , the galvanomirror 5a equips with the axis of the moving iron which attached the mirror into 
the magnetic path which comprises two magnets on either side and four magnetic poles, and takes the 
composition which makes arbitrary angles rotate the axis of this moving iron by the current which flows 
into a drive coil. 

According to this composition, as shown in drawing 4 , the function reflected in the angle of a request of the 
laser beam which enters by making a desired angle rotate a mirror is exhibited. 

[0025]Next, the hologram manufacturing method of this invention performed using the hologram exposure 
device constituted in this way is explained. In manufacturing a hologram according to this invention, after 
setting the deflecting angle of the galvanomirror 5a as a predetermined thing, it exposes the hologram dry 
plate 2 first. 

[0026]as shown in drawing 5 , when the degrees of incidence angle of two laser beams which enter into the 
hologram dry plate 2 are theta t and theta 2 , it is known well that the interval sigma of the interference fringe 

formed in the hologram dry plate 2 sets wavelength of a laser beam to lambda — as [0027] 
[Equation 1] 

A 

a= 

sin 0 i+sind 2 

[0028]It will be come out and expressed. As shown in the upper row of drawing 6 f rom now on, the 
interference fringe which has an interval of sigma 1 as even this 1st exposure is is formed and exposed by 

the hologram dry plate 2, and it is this, [0029] 
[Equation 2] 

I , = Asin 2 ( x) 

cr , 

[0030]It comes out and the exposure pattern of the light intensity expressed is formed in the hologram dry 
plate 2. Here, x in a formula is a hologram position and A is exposure intensity. Then, while changing the 
deflecting angle of the galvanomirror 5a into a predetermined thing, the phase of the laser beam which 
enters into the galvanomirror 5a using the phase modulation element 6a is changed, and the hologram dry 
plate 2 is exposed. 

[0031]While the degree of incidence angle of the laser beam which enters into the hologram dry plate 2 by 
change of the deflecting angle of this galvanomirror 5a changes, As the phase of a laser beam changes with 
phase modulation elements 6a and it is shown in the lower berth of drawing 6 after this, an interference 
fringe with interval sigma 2 which is minutely different from the last interval sigma 1 in even this 2nd 

exposure being shifts to the hologram dry plate 2 by the distance corresponding to a phase change, and is 
formed and exposed — thereby [0032] 
[Equation 3] 
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I 2 =Bsin 2 ( x + «) 

[0033]It comes out and the exposure pattern of the light intensity expressed is formed in the hologram dry 
plate 2. Here, B in a formula is exposure intensity. Thus, it is on the last target by this two exposure, 
[0034] 
[Equation 4] 

I = A sin 2 ( x) +Bsin 2 ( x + a) 

o , a 2 

[0035]It will come out and the synthetic exposure pattern expressed will be formed in the hologram dry 
plate 2. Thus, if multiple exposure of the two interference fringes with minutely different spatial frequency 
is carried out, the new interference fringe which has a wave of light intensity between two exposure 
patterns will occur, and it will become possible to manufacture the hologram which has desired diffraction 
efficiency distribution by this. 

[0036]For example, when a center as shown in ** of drawing 7 manufactures the hologram which shows 
lower diffraction efficiency compared with both ends. By controlling so that the pattern of an interference 
fringe is in agreement at the both ends of the hologram dry plate 2 when carrying out multiple exposure of 
the two interference fringes which have minutely different spatial frequency in the hologram dry plate 2, as 
shown in **** of drawing 7 . As shown in ** of drawing 7 , the exposure pattern of the wave used as what 
has main light intensity smaller than the thing of both ends is formed in the hologram dry plate 2. And in 
developing this, as shown in ** of drawing 7 , a center manufactures the hologram which shows lower 
diffraction efficiency compared with both ends by manufacturing the hologram of the surface relief type in 
which main height becomes lower than the thing of both ends. 

rnnml-ri _ ? l! rrt j. _ i. : _ i_ j- ; i: _i_ jl l f l a.: I a. t i . : _ j. _J £, 

Luuo / j I MU£>, binuc unc ngriL inter winun ^cncr ctLCii nui^c iigni nr\c «jui ivci iuui icai tcuunoiu^y to mul uacu iui 

the hologram manufactured, it can realize high diffraction efficiency. Next, two multiple exposure considers 
that what kind of exposure pattern will be formed in the hologram dry plate 2. 

[0038]In the size of a hologram, if the value of 1 micrometer and the exposure intensity A is set to 1, the 
exposure pattern of light intensity as shown in drawing 8 w ill be formed [ 1 / 10 micrometers and / of an 

interference fringe / interval sigma] in the hologram dry plate 2 by the 1 st exposure. Here, the value of the 
horizontal axis in the figure showing a hologram position is converted into mum by dividing by 180. 
[0039]Then, execution of the 2nd exposure that sets the value of 0.9 micrometer and exposure intensity 
ratio B/A to 0.3, and makes phase shift alpha pi/2 for interval sigma 2 of an interference fringe will form a 

synthetic exposure pattern as shown in drawing 9 (a) in the hologram dry plate 2. Execution of the 2nd 
exposure that sets the value of 0.9 micrometer and exposure intensity ratio B/A to 0.3, and makes phase 
shift alpha pi/3 for interval sigma 2 of an interference fringe will form a synthetic exposure pattern as 

shown in drawing 9 (b) in the hologram dry plate 2. Execution of the 2nd exposure that sets the value of 0.9 
micrometer and exposure intensity ratio B/A to 0.3, and makes phase shift alpha pi/6 for interval sigma 2 of 

an interference fringe will form a synthetic exposure pattern as shown in drawing 9 (c) in the hologram dry 
plate 2. Execution of the 2nd exposure that sets the value of 0.9 micrometer and exposure intensity ratio 
B/A to 0.3, and sets phase shift alpha to 0 for interval sigma 2 of an interference fringe will form a synthetic 

exposure pattern as shown in drawing 9 (d) in the hologram dry plate 2. Thus, the position of the maximal 
value/minimal value of an exposure pattern can be changed by changing phase contrast. 
[0040]On the other hand, if 2nd exposure that sets the value of 0.8 micrometer and exposure intensity 
ratio B/A to 0.3, and makes phase shift alpha pi/2 for interval sigma 2 of an interference fringe is performed 

following the 1st above-mentioned exposure, a synthetic exposure pattern as shown in drawing 1 0 (a) will 
be formed in the hologram dry plate 2. Execution of the 2nd exposure that sets the value of 0.7 micrometer 
and exposure intensity ratio B/A to 0.3, and makes phase shift alpha pi/2 for interval sigma 2 of an 

interference fringe will form a synthetic exposure pattern as shown in drawing 10 (b) in the hologram dry 
plate 2. Execution of the 2nd exposure that sets the value of 0.6 micrometer and exposure intensity ratio 
B/A to 0.3, and makes phase shift alpha pi/2 for interval sigma 2 of an interference fringe will form a 

synthetic exposure pattern as shown in drawing 10 (c) in the hologram dry plate 2. Thus, the number of the 
maximal value/minimal value of an exposure pattern can be changed by changing interval sigma 2 of an 

interference fringe. 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran web cgi ejje?atw u=http%3A%2F%2Fwww4.ipdl.inp... 2009/06/04 



JP,07-01 3474, A [DETAILED DESCRIPTION] 5/7 V 

[0041 ]On the other hand, if 2nd exposure that sets the value of 0.9 micrometer and exposure intensity 
ratio B/A to 0.4, and makes phase shift alpha pi/2 for interval sigma 2 of an interference fringe is performed 

following the 1st above-mentioned exposure, a synthetic exposure pattern as shown in drawing 1 1 (a) will 
be formed in the hologram dry plate 2. Execution of the 2nd exposure that sets the value of 0.9 micrometer 
and exposure intensity ratio B/A to 0.5, and makes phase shift alpha pi/2 for interval sigma 2 of an 

interference fringe will form a synthetic exposure pattern as shown in drawing 1 1 (b) in the hologram dry 
plate 2. Thus, the difference of the maximal value of an exposure pattern and the minimal value can be 
changed by changing an exposure intensity ratio. 

[0042]When the size of a hologram shall be 100 mm and interval sigma 2 of the interference fringe of the 

2nd exposure is set to 0.99999 mum, the wave of a round term will occur within the limits of a hologram, 
and when interval sigma 2 of an above-mentioned interference fringe is 0.9 micrometer, it will correspond. 

At this time, 1 micrometer of interval sigma 1 of an interference fringe, When one incidence angle degree 

theta 1 to 0.4880 micrometer and the hologram dry plate 2 shall be the wavelength lambda of a laser beam 0 

degree, 0.99999 mum of interval sigma 2 of an interference fringe is realized to realizing by the thing for 

which incidence angle degree theta 2 is made into 29.209212 ** while I will accept it to the hologram dry 

plate 2 by making this incidence angle degree theta 2 into 29.209532 **. Although change of this incidence 

angle degree theta 2 becomes the order of 10 ~ 4 , the mechanical galvanomirror 5a is also possible for an 
angle variation of this level enough. 

[0043]Thus, while changing the spatial frequency of an interference fringe by the 1st exposure and the 2nd 
exposure, The hologram dry plate 2 is enabled to form various exposure patterns by changed and exposing 
an exposure intensity ratio and a phase shift, and, thereby, it becomes possible to manufacture a hologram 
with desired diffraction efficiency distribution. 

[0044]Other examples of the hologram exposure device constituted by this invention by drawing 12 t hru/or 
drawing 1 7 are illustrated. The same sign has shown among the figure the same thing as what was 
explained by drawing 2 . 

[0045]The hologram exposure device shown in drawing 1 2 (a) takes the composition provided with the 
deflecting angle variable device 5b instead of the galvanomirror 5a with which the hologram exposure 
device of drawing 2 is provided. As shown in drawing 12 (b), this deflecting angle variable device 5b A 
fixture, It comprises a piezo-electric element provided between the reflector which makes a fixture a 
fulcrum, and a fixture and a reflector, and the deflecting angle of the laser beam which penetrates the 
phase modulation element 6a is controlled by controlling the thickness of a piezo-electric element by 
impressed electromotive force. 

[0046]Although it becomes possible to expose an interference fringe with spatial frequency which is 
minutely different between the 1st exposure and the 2nd exposure by controlling the impressed 
electromotive force given to a piezo-electric element by the hologram exposure device shown in this 
drawing 12 (a) to the hologram dry plate 2, From reproducibility being well highly precise and it being able 
to tune finely, a piezo-electric element has the feature that control of change of minute spatial frequency 
is attained. 

[0047]The hologram exposure device shown in drawing 1 3 (a) takes the composition provided with the 
acoustooptic deflection element 5c between this reflector 43 and lens 42 while being provided with the 
reflector 43 instead of the galvanomirror 5a with which the hologram exposure device of drawing 2 is 
provided. To be shown in drawing 13 (b), this acoustooptic deflection element 5c is generating a diffraction 
grating in an ultrasonic medium according to an electric oscillation signal, makes the laser beam which 
penetrates the phase modulation element 6a diffract, and controls that deflecting angle. 
[0048]Although it becomes possible to expose an interference fringe with spatial frequency which is 
minutely different between the 1st exposure and the 2nd exposure by controlling the frequency of the 
oscillation signal given to the acoustooptic deflection element 5c by the hologram exposure device shown 
in this drawing 1 3 (a) to the hologram dry plate 2, From reproducibility being well highly precise and being 
able to tune finely for the deflecting system of a non-mechanical cable type, this acoustooptic deflection 
element 5c has the feature that control of change of minute spatial frequency is attained. 
[0049]The hologram exposure device shown in drawing 1 4 (a) takes the composition provided with the 
electrooptics deflection element 5d between this reflector 43 and lens 42 while being provided with the 
reflector 43 instead of the galvanomirror 5a with which the hologram exposure device of drawing 2 is 
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provided. To be shown in drawing 14 (b) t this electrooptics deflection element 5d is combining a prisnrHike 
POKKERUSU crystal, makes the laser beam which penetrates the phase modulation element 6a diffract, 
and controls that deflecting angle. 

[0050]Although it becomes possible to expose an interference fringe with spatial frequency which is 
minutely different between the 1st exposure and the 2nd exposure by controlling the electric field given to 
the electrooptics deflection element 5d by the hologram exposure device shown in this drawing 14 (a) to 
the hologram dry plate 2, From reproducibility being well highly precise and being able to tune finely for the 
deflecting system of a non-mechanical cable type, this electrooptics deflection element 5d has the feature 
that control of change of minute spatial frequency is attained. 

[0051 ]The hologram exposure device shown in drawing 15 (a) takes the composition provided with the 
piezo mold phase modulation element 6b instead of the reflector 40 while omitting the phase modulation 
element 6a with which the hologram exposure device of drawing 2 is provided. This piezo mold phase 
modulation element 6b is comprising a piezo-electric element provided between a fixture, a reflector, and a 
fixture and a reflector, and controlling the thickness of a piezo-electric element by impressed 
electromotive force to be shown in drawing 1 5 (b), The phase is controlled by controlling only light path 
length, without changing the deflecting angle of the entering laser beam. 

[0052]In the hologram exposure device shown in this drawing 15 (a). It becomes possible to control the 
relative position of two interference fringes exposed by the hologram dry plate 2 by controlling the 
impressed electromotive force given to the piezo mold phase modulation element 6b, and has the feature 
that the reflector 40 is omissible compared with the hologram exposure device of drawing 2 . 
[0053]The hologram exposure device shown in drawing 16 t akes the composition using two laser light 
sources called the 1st laser light source 1a and 2nd laser light source 1b as the laser light source 1 while 
being provided with the reflector 43 instead of the galvanomirror 5a with which the hologram exposure 
device of drawing 2 is provided. It is the wavelength of the laser beam in which these two laser light 
sources la and lb emit light differing, performing 1st exposure using the 1st laser light source la, and 
performing 2nd exposure using the 2nd laser light source 1b, The interference fringe which has minutely 
different spatial frequency in the hologram dry plate 2 is formed. namely[Several 1] If the wavelength of a 
laser beam differs as shown in a formula, it will use that the spatial frequency of an interference fringe 
changes. 

[0054]In the hologram exposure device shown in this drawing 1 6 , since there is no coherency between the 
1st laser light source 1a and the 2nd laser light source 1b, it has the feature that 1st exposure and 2nd 
exposure can be performed simultaneously. 

[0055]The hologram exposure device shown in drawing 17 t akes the composition using what has a 
wavelength selection optical resonator as the laser light source 1 with which the hologram exposure device 
of drawing 2 is provided. By namely, the thing for which it has the laser pipe 10, the output mirror 1 1, the 
etalon board 12, the prism 13, and the reflective mirror 14, and vertical microfiche of laser is made 
selectable to interval adjustment of the etalon board 12 and the angle adjustment of the reflective mirror 
1 4 being. The composition using the laser light source which can obtain the laser beam of the wavelength 
which has a difference minutely is taken. The interference fringe which has minutely different spatial 
frequency in the hologram dry plate 2 by performing 1st exposure and 2nd exposure using the this 
wavelength variable type laser light source 1 as the laser beam of different wavelength is also is formed. 
[0056]Although the composition which carries out multiple exposure of the interference fringe which has 
minutely different spatial frequency in the hologram dry plate 2 in modulating a laser beam was indicated in 
the above example, it is also possible to take the composition which carries out multiple exposure of the 
interference fringe which has spatial frequency which is minutely different by giving distortion in the 
hologram dry plate 2. 

[0057]Next, the example which carries out multiple exposure of the interference fringe which has minutely 
different spatial frequency in the hologram dry plate 2 by giving thermal expansion to the hologram dry 
plate 2 is described. The example shown in drawing 18 t aking the composition which fixes the center of the 
hologram dry plate 2 with a fixture. The composition which lengthens the hologram dry plate 2 outside by 
heating the heat ray attached to the rear face of the hologram dry plate 2 is taken, By raising the 
temperature of the hologram dry plate 2 rather than the 1st exposure (although based on the size of a film 
plate, the rise which is a 0.1 ** grade may be sufficient), the composition which carries out multiple 
exposure of the interference fringe with minutely different spatial frequency is taken to the hologram dry 
plate 2 at the time of the 2nd exposure. 

[0058]That is, the interference fringe of spatial frequency higher than the 1 st exposure can be formed in 
the hologram dry plate 2 as even the 2nd exposure is by returning to the temperature at the time of the 
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1st exposure of the temperature of the hologram dry plate 2 after the 2nd exposure. If this operation is 
followed, as shown in drawing 19 y multiple exposure of the interference fringe with spatial frequency which 
is minutely different in the hologram dry plate 2 in the mode whose gap of the interference fringe of a 
center section decreases being will be carried out, and a hologram with the diffraction efficiency 
distribution according to it can be manufactured. 

[0059]The example shown in drawing 20 taking the composition which fixes the both ends of the hologram 
dry plate 2 with a fixture. By taking the composition which makes the center section of the hologram dry 
plate 2 distorted by heating the heat ray attached to the rear face of the hologram dry plate 2, and raising 
the temperature of the hologram dry plate 2 rather than the 1st exposure at the time of the 2nd exposure. 
The composition which carries out multiple exposure of the interference fringe which has minutely different 
spatial frequency in the hologram dry plate 2 is taken. 

[0060]That is, the interference fringe of spatial frequency higher than the 1st exposure can be formed in 
the hologram dry plate 2 as even the 2nd exposure is by returning to the temperature at the time of the 
1st exposure of the temperature of the hologram dry plate 2 after the 2nd exposure. If this operation is 
followed, as shown in drawing 21 , multiple exposure of the interference fringe with spatial frequency which 
is minutely different in the hologram dry plate 2 in the mode whose gap of the interference fringe of a 
both-ends portion decreases being will be carried out, and a hologram with the diffraction efficiency 
distribution according to it can be manufactured. 

[0061]The example which carries out multiple exposure of the interference fringe which has minutely 
different spatial frequency in the hologram dry plate 2 by moving the hologram dry plate 2 to drawing 22 is 
illustrated. The hologram exposure device shown in this figure is rotating the hologram dry plate 2 between 
the 1st exposure and the 2nd exposure, and carries out multiple exposure of the interference fringe with 
minutely different spatial frequency to the hologram dry plate 2. By namely, the thing for which 2nd 
exposure is performed since the hologram dry plate 2 is rotated after the 1 st exposure. As shown in 
drawing 23 , multiple exposure of the interference fringe which has minutely different spatial frequency in 
the hologram dry plate 2 will be carried out, and a hologram with the diffraction efficiency distribution 
according to it can be manufactured now. Here, the relative position of two interference fringes can be 
adjusted by setting up the position of the axis of rotation. 

[0062]Although the graphic display example was described, this invention is not limited to this. For example, 
although this invention was indicated according to the hologram of surface relief type in the example, this 
invention can be applied as it is also to the hologram of an amplitude form, or the hologram of other phase 
type, without being restricted to this. Although this invention was indicated according to the multiple 
exposure according to two exposure in the example, this invention can also take three multiple exposure 
composition or more, without being restricted to this. 
[0063] 

[Effect of the Invention]It makes into basic constitution to carry out multiple exposure of the interference 
fringe which has minutely different spatial frequency in this invention to a hologram dry plate, as explained 
above, It used that it was what takes the composition which enables manufacture of the hologram which 
has arbitrary diffraction efficiency distribution by controlling the phase of the laser beam used for this 
multiple exposure, and the light exposure of multiple exposure. 

Thereby, manufacture of a hologram with desired diffraction efficiency distribution is attained. 

[0064]And since it is not necessary in manufacture of this hologram to use a light filter, it becomes 
possible to prevent generating and optical loss of noise light, and manufacture of a hologram with efficient 
diffraction efficiency is attained. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a principle lineblock diagram of this invention. 
[Drawing 2] It is one example of the hologram exposure device of this invention. 
[Drawing 3] It is an equipment configuration figure of a galvanomirror. 
[Drawing 4] It is an explanatory view of a galvanomirror of operation. 

[Drawing 5] It is an explanatory view of the interference fringe formed in a hologram dry plate. 

[Drawing 6] It is an explanatory view of the interference fringe formed in a hologram dry plate. 

[Drawing 7] It is an example of manufacture of the hologram by this invention. 

[Drawing 8] It is the 1st example of an exposure pattern. 

[Drawing 9] It is an example of a synthetic exposure pattern. 

[Drawing 10] It is an example of a synthetic exposure pattern. 

[Drawing 1 1] It is an example of a synthetic exposure pattern. 

[Drawing 12] They are other examples of the hologram exposure device of this invention. 

[Drawing 13j They are other examples of the hologram exposure device of this invention. 

[Drawing 14] They are other examples of the hologram exposure device of this invention. 

[Drawing 1 5] They are other examples of the hologram exposure device of this invention. 

[Drawing 16] They are other examples of the hologram exposure device of this invention. 

[Drawing 1 7] They are other examples of the hologram exposure device of this invention. 

[Drawing 18] They are other examples of the hologram exposure device of this invention. 

[Drawing 19] It is an explanatory view of the multiple exposure by heating. 

[Drawing 2Q] They are other examples of the hologram exposure device of this invention. 

[Drawing 21] It is an explanatory view of the multiple exposure by heating. 

[Drawing 22] They are other examples of the hologram exposure device of this invention. 

[Drawing 23] It is an explanatory view of the multiple exposure by heating. 

[Drawing 24] It is an explanatory view of the luminescence intensity of a laser light source. 

[Drawing 25] It is an explanatory view of the transmissivity of a light filter. 

[Drawing 26] It is an explanatory view of conventional technology. 

[Description of Notations] 

1 Laser light source 

2 Hologram dry plate 

3 The 1st optical system 

4 The 2nd optical system 

5 Angle control means 

6 Phase modulation means 

7 Shape controlling means 

8 Movement control means 
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[Drawing 1] 
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[Drawing 2] 




[Drawing 3] 
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[Drawing 4] 
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[Drawing 7] 
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[Drawing 9] 
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[Drawing 10] 
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[Drawing 1 2] 




[Drawing 24] 
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[Drawing 13] 




[Drawing 14] 
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[Drawing 15] 




[Drawing 17] 
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[Drawing 21] 
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[Drawing 26] 
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